METHOD FOR GENERATION OF 2 -DIMENSIONAL MOTION PATH 

BACKGROUND OF THE INVENITON 

Field of the Invention 

[0001] The present invention relates to a method for 
effective generation and calculation of a 2-dimensional motion 
path applied to a computer, and more particularly, to a method in 
which a direction map is used to calculate a 2-dimensional 
convolution and to finally generate a configuration-space 
obstacle (or c-space obstacle) so as to solve a problem caused in 
generating a 2-dimensional motion path that requests to move on 
2-dimension without collision between obstacles. 

Description of the Related Art 

[0002] Generally, a c-space obstacle is a mathematical curve 
that is defined using convolution (represented by *) or Minkowski 
addition (represented by ^ ) and Minkowski subtraction 
(represented by ®) operations on basis of calculation geometry. 

[0003] For example, the c-space obstacle for the obstacle A 
and the object B is defined as a curve $P such as the following 
Equation 1 . 

[Equation 1] 

i 



[0004] Well known is mathematically a fact that if the object 

tip . 

B moves along a path ^ according to the Equation 1, a 
collision with the obstacle A is not generated. In the Equation 1, 
the -B means that the object is rotated by 180 degree with 
respect to the origin. 

[0005] However, in the above Equation, the convolution, the 
TRIM, and Minkowski addition are very complex operations and has 
rather much calculation amount. Furthermore, when the size of the 

ftp 

obstacle or the object is variable, the path should be 

calculated in every case. 

[0006] Further, the calculation method is different depending 
on whether a motion range of the object belongs to an internal or 
external of the obstacle. For example, the Equation 1 is a method 
for calculating the path of the object at the external of the 
obstacle, but Minkowski subtraction operation should be used as 
in Equation 2 so as to calculate the path at the internal of the 
obstacle. In the Equation 2, when the object B moves along the 

^ at the internal of the obstacle A, a collision with a 
boundary of the A is not generated. 

[Equation 2] 

[0007] However, a practical method is almost not known until 
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now in which the above one paired Minkowski addition and 
subtraction are simultaneously calculated using the convolution 
operation or other ways. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, the present invention is directed to a 
method for generation of a 2-dimensional motion path, which 
substantially obviates one or more problems due to limitations 
and disadvantages of the related art. 

[0009] It is an object of the present invention to provide a 
method for generation of a 2-dimensional motion path in which a 
direction map for a 2-dimensional geometric figure is used to 
simultaneously generate internal and external motion paths of an 
object, and effectively to generate various motion paths in case 
that the size of the object is changed. 

[0010] Additional advantages, objects, and features of the 
invention will be set forth in part in the description which 
follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and other 
advantages of the invention may be realized and attained by the 
structure particularly pointed out in the written description and 
claims hereof as well as the appended drawings. 

[0011] To achieve these objects and other advantages and in 



accordance with the purpose of the invention, as embodied and 
broadly described herein, there is provided a method for 
simultaneous generation of motion paths depending on changes of 
internal and external sizes of an object by a direction map for a 
2-dimensional geometric figure, the method including: a first 
step of respectively expressing specific obstacle A and object B 
inputted through an input unit, by direction maps; a second step 
of merging the direction maps respectively expressing the 
obstacle and the object; a third step of determining Minkowski 
operation after sizes of the obstacle and the object are 
determined; a fourth step of performing a necessary group unit 
based size control operation for a direction map obtained by 
merging each of the direction maps of the obstacle and the object 
in the second step; a fifth step of performing collinear 
elimination for the result obtained in the fourth step, 
performing a direction map inverse operation, and performing a 
trimming operation to generate the motion path; and a sixth step 
of calculating a c-space obstacle for obstacle and object having 
different external and internal sizes. 

[0012] The method for generation of generation of the 2- 
dimensional motion path according to the present invention uses a 
geometric property of the c-space obstacle to effectively 
generate the internal and external motion paths for the complex 
obstacle, and the motion paths for various sizes of objects 
without deriving a complex and difficult equation. 



[0013] It is to be understood that both the foregoing general 
description and the following detailed description of the present 
invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] The accompanying drawings, which are included to 
provide a further understanding of the invention, are 
incorporated in and constitute a part of this application, 
illustrate embodiments of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings : 

[0015] FIG. 1 is a view illustrating a general computer 
system for embodying a method for generation of a 2-dimensional 
motion path according to the present invention; 

[0016] FIG. 2 is a flow chart illustrating a method for 
generation of a 2-dimensional motion path according to the 
present invention; 

[0017] FIG. 3 is an exemplary view illustrating a process for 
simultaneous generation of a boundary pair according to the 
present invention; 

[0018] FIG. 4 is an exemplary view illustrating a result of 
simultaneous generation of a boundary pair according to the 
present invention; 

[0019] FIG. 5 is an exemplary view illustrating a process for 



simultaneous generation of an internal/external offset according 
to the present invention; and 

[0020] FIG. 6 is an exemplary view illustrating a result of 
simultaneous generation of an internal/external offset according 
to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings. 

[0022] FIG. 1 is a view illustrating a general computer 
system for embodying a method for generation of a 2-dimensional 
motion path according to the present invention. 

[0023] Referring to the drawing, the computer system includes 
a central processing unit 10 for controlling an entire computer 
system; a main memory unit 20 for storing all data necessary for 
development execution therein; an auxiliary memory unit 30 for 
temporarily storing therein and outputting work data therefrom 
depending on a control of the central processing unit; an 
inputting unit 40 for commanding a motion to the central 
processing unit 10 depending on worker's manipulation; and an 
outputting unit 50 for displaying a work state. 

[0024] The method for generation of the 2-dimensional motion 
path that the present invention intends to disclose is programmed 
to be stored in a recording media in a computer-readable format. 



The program stored in the recording media is managed on the 
computer such that a direction map is used for a 2-dimensional 
geometric figure inputted through the inputting unit 40 to 
simultaneously generate internal and external motion paths of an 
object, and effectively generate various motion paths in case 
that a size of the object is changed. 

[0025] FIG. 2 is a flow chart illustrating the method for 
generation of the 2-dimensional motion path according to the 
present invention . 

[0026] Referring to FIG. 2, the method for simultaneous 
generation of the motion paths depending on changes of the 
internal and external sizes of the object by using the direction 
map for the 2-dimensional geometric figure according to the 
present invention includes: a first step of expressing specific 
obstacle A and object B inputted through an input unit, by 
direction maps; a second step of merging the direction maps 
respectively expressing the obstacle and the object; a third step 
of determining Minkowski operation after sizes of the obstacle 
and the object are determined; a fourth step of performing a 
necessary group unit based size control operation for a direction 
map obtained by merging respective direction maps of the obstacle 
and the object in the second step; a fifth step of performing 
collinear elimination for the result obtained in the fourth step, 
performing a direction map inverse operation, and generating the 
motion path by trimming operation; and a sixth step of 

7 



calculating a c-space obstacle for the obstacle and the object 
different external and internal sizes. 

[0027] Hereinafter, in order to be helpful for understanding 
in programming to enable the method for generation of the 2- 
dimensional motion path to be executed in the computer, simple 
mathematical definitions are arranged. 

[0028] The present invention expresses a boundary of an 
obstacle and an object, as a polygonal. If the direction map can 
be defined for a curve boundary, the present invention can be 
extended and applied to the obstacle and the object of the curve 
boundary . 

[0029] For one example, the polygonal is expressed by a 
series of sequential vertices. Two adjacent vertices form one 
line segment of the polygonal. It is assumed that a polygonal 
boundary is always in clockwise orientation when it is not a case 
of expressing a hole. Accordingly, an i th vertex v { is also stored 
in a circular arrangement in this sequence. This is a general 
well-known method for expressing the polygonal. 

[0030] For the polygonal boundary, the direction map is 
comprised of a series of direction vectors. The direction vector 
d i is a vector for connecting two adjacent vertices v i and v ux . 
Accordingly, the direction vector d i can be expressed in the 
following Equation 3. 

[Equation 3] 
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[0031] A "TDC" operation means a complex operation as in the 
following Equation 4 for expression convenience. 

[Equation 4] 

[0032] Referring to FIG. 4, the "DM" means an operation for 

extracting the direction map from the figure, the "GS" means a 

•U 

group unit based size control operation, the — * means a 
convolution merge of the direction map, and the "TRIM" means an 
operation for eliminating an unnecessary portion of a self-cross 
and the like existing at the boundary. 

[0033] Besides, since detailed contents for the definition 
and a related operation of the direction map are not essential 
for the present invention and also the definition is already 
known, a detailed description for this is omitted. 

[0034] The boundary of Minkowski addition for the A and the B 
can be expressed using the operation of the direction map as in 
the following Equation 5. 

[Equation 5] 



9 



= TDC(GS(D S , 1,1)), 



[0035] Further, Minkowski subtraction for the A and the -B 
can be expressed using a relation with Minkowski addition and a 
property of the direction map operation as in the following 
Equation 6. 



[Equation 6] 

= TRIM((dA% *d(-A{) c ) 



[0036] Referring to the Equations. 5 and 6, it is understood 
that Minkowski addition and subtraction can be calculated using 
the same merged direction map D s . However, only a direction of 
the direction vector is changed in the group unit based size 
control operation. That is, in case of Minkowski subtraction, -1 
is multiplied to the direction vectors from the D 0 among the 
direction vectors of the merged direction map D s to turn in an 
opposite direction as in the Equation 6. 
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[0037] The Equations 5 and 6 show that two direction maps are 
convolution-merged and its result is reused such that specific 
Minkowski addition and subtraction can be calculated in one pair. 
This can be accomplished due to a newly provided method of the 
present invention where the boundary of the object is expressed 
by the direction map and the direction vector in a vector space 
without being expressed using a point of a wide area coordinate 
system. 

[0038] Arranging and extending the above relation, it can be 
understood that the direction map and Minkowski operation 
generally has a relation as in the following Equations 7 to 10. 
Herein, ^= AWi. 

[Equation 7] 

[Equation 8] 

[Equation 9] 

[Equation 10] 



11 



[0039] Referring to the Equations 7 to 10, the above 
Equations all represent four Minkowski operations in which 
simultaneous calculation can be performed for the same merged 
direction map D s . If -1 is multiplied at both sides of the 
Equation 7, the Equation 10 is obtained. The Equations 8 and 9 
also have the same relation. Therefore, only Equations 7 and 8 
have a substantial difference therebetween. 

[0040] The Equation 7 means the motion path on which an 
object -Ai can move without a collision at an external of an 
obstacle A 0 . That is, if the -Ai moves beyond the boundary, it 
collides with the obstacle. 

[0041] The Equation 8 means a motion path on which an object 
Ai can move without a collision at an internal of the obstacle Ao. 
That is, the Ai moves beyond the boundary, it collides with the 
obstacle . 

[0042] Further, arranging and extending the above relation, 
it can be understood that the direction map and Minkowski 
operation generally has a relation as in the following Equations 
11 to 14. Herein, 

[Equation 11] 
[Equation 12] 
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[Equation 13] 



[Equation 14] 

[0043] Referring to the Equations 11 to 14, the above 
Equations all represent four Minkowski operations in which 
simultaneous calculation can be performed for the same merged 
direction map Dd • Only the Equations 11 and 12 have a substantial 
difference therebetween . 

[0044] Similarly with the Equations 7 to 10, the Equations 12 
to 14 represent a collision relation of the object and the 
obstacle. That is, the Equation 14 represents a path on which the 
object Ai can move at the external of the obstacle A 0 - The 
Equation 13 represents a path on which the object -Ai can move at 
the internal of the obstacle Ao. 

[0045] FIG. 3 is an exemplary view illustrating a motion path 
that is calculated using the above-mentioned Minkowski operation. 

[0046] FIG. 3A illustrates a star-shaped obstacle. FIG. 3B 
illustrates a pentagon-shaped moving object. FIG. 3C illustrates 
the direction map Do of the object. FIG. 3D illustrates the 
direction map Di of the object. 

[0047] When ^i^^o^ ^i / FIG . 3E illustrates a result of 
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GS (D s/ 1, 1) . 

[0048] FIG. 3F illustrates a result of GS(D S ,1,-1). 

[0049] FIG. 3G illustrates a result of applying an inverse 
operation of the direction map to the result of FIG. 3E, and is a 
case that the self-cross is generated. 

[0050] FIG. 3H illustrates a result of applying the inverse 
operation of the direction map to the result of FIG. 3F, and is a 
case that the self-cross is generated. 

[0051] FIG. 31 is the boundary obtained using -^S(^&i/lrBl f 
and is a result of ^^o^^l) ^ This is a c-space obstacle for 
allowing the object -Ai to move without the collision at the 
external of Ao as in FIG. 4A. 

[0052] FIG. 3 J is the boundary obtained using :i7 ^^fe 

and is a result of ^^ Cl — . This is a c-space obstacle for 

allowing the object Ai to move without the collision at the 

i> ^ = — B fl y Wi 

internal of A 0 as in FIG. 4B. When • , FIG. 4C 

illustrates a result of TJXXGS(D d , - I, - 1)) ^ 0 <£-A^ and is a 

c-space obstacle for allowing the -Ai to move without the 
collision at the external of the Ao . FIG. 4C is a result of 

mcms^ wr %m =au.eAp _ and is a c _ space obstacle £or 

allowing the -Ai to move without the collision at the internal of 
the Ao. 

[0053] Even in case that the obstacle or the object has the 
same shape and has the same size, the direction map can be reused. 
When sizes of the obstacle and the object are respectively 
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changed into a and {3, the Equations can be changed as follows. 



[Equation 15] 

[Equation 16] 

[Equation 17] 

[Equation 18] 

[0054] Similarly, the Equations can be changed as follows. 



[Equation 19] 
[Equation 20] 
[Equation 21] 

TDC{GS(D d ,-aJ)) =iia^Mmd, 
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[Equation 22] 

[0055] In an application field of the motion path, there are 
many cases in which calculation is instead performed using a 
representative figure (convex hull) surrounding the moving object 
in case that an external shape of the moving object is complex. 
Further, since this representative figure has an origin-symmetric 
shape, a majority of cases are Ai = -Ai . 

[0056] For example, in case that the Ai is a circle, the 
boundary of Minkowski operation pair corresponds to external and 
internal offset pairs of the object A 0 . 

[0057] For the obstacle A 0 and the circle Ai having a radius 1, 
an offset curve pair of a radius R(t) can be calculated as 
follows . 

[Equation 23] 
[Equation 24] 
[Equation 25] 
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[0058] In the above Equation, the and the ®<* 

respectively mean the external and internal offsets of the radius 
R(t) . 

[0059] The ® <^^^$ means a path on which the object can move 
within the radius R(t) without the collision at the external of 
the obstacle A 0 . In the - - , if the object moves toward the 

boundary of the Ao, the collision with the Ao is generated. 

[0060] The ® means a path on which the object can move 

within the radius R(t) without the collision at the internal of 



the obstacle A 0 . In the^ 45 ^ vw , if the object moves toward the 
boundary of the Ao, the collision with the Ao is generated. 

[0061] FIG. 5 shows an example of calculating the offset pair 
of the radius between [R m i n , Rmax] for the star-shaped figure Ao by 
using the Equations 23 to 25. FIGs . 5A and 5B illustrate the 
offset boundaries before trimming. FIGs. 5C and 5D illustrate 
examples of calculating the external and internal offsets after 
the offsets of FIGs. 5A and 5B are trimmed. All offsets of FIGs. 
5C and 5D reuse the merged direction map of the Equation 23 to be 
calculated by respectively using the Equations 24 and 25. 
Accordingly, the internal/external offsets can be calculated 
using one merge map irrespective of the radius. 

[0062] However, the trimming should individually be 
calculated for each of the boundaries. This is identical with a 
conventional method, but a fast and simply convenient trimming 
method based on the direction map is known. 
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[0063] FIG. 6 illustrates examples of various offset curves. 
In a picture, a bold line means the obstacle, and a fine line 
means the path on which the objects having various radiuses can 
avoid the obstacle for movement. 

[0064] The above-described inventive method for generation of 
the 2-dimensional motion path is arranged with reference to FIG. 
2 as follows. 

[0065] Referring to the drawing, first of all, the present 
invention receives geometrical information on the obstacle and 
the object (S201) . 

[0066] The direction maps of the obstacle and the object 
received are calculated (S202) . 

[0067] The two calculated direction maps are convolution- 
merged (S203) . 

[0068] A size is determined on basis of the shapes of the 
received obstacle and object. The size is determined with two 
real number values. In case of the offset, the size R(t) of the 
object is determined (S204). 

[0069] In a state where the shape and the size are determined, 
a kind of Minkowski operation (that is, addition or subtraction) 
to be applied is determined. In this step, in case of the offset, 
the external or internal offset is determined (S205) . 

[0070] According to the kind of the determined operation, the 
appropriate one is selected from the Equations 15 to 22 for 
calculation. Particularly, in case of the offset operation, the 
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appropriate one is selected from the Equation 24 or 25 (S206) . 

[0071] It corresponds to the "TDC" operation. That is, the 
boundary of the new figure is obtained from the new direction map 
obtained as the result of the step 206 through the trimming and 
the inverse operation of the direction map (S207). 

[0072] Additionally, the present invention resumes at the 
step 204 in case that the merged direction map obtained from the 
step 203 is reused (S208) . 

. [0073] The above-described inventive method for generation of 
the 2-dimensional motion path is programmed and is stored and 
used in the recording media in the computer-readable format. 

[0074] As described above, the method for generation of the 
2-dimensional motion path according to the present invention can 
express the boundary of the 2-dimensional geometric figure 
expressing the obstacle and the object by the direction map, 
merge two direction maps to generate the new merged direction map 
through the size control of the direction vector, and calculate 
the boundary of the c-space obstacle from the new direction map. 

[0075] As a result, the geometric property for the c-space 
obstacle is used to generate the internal and external motion 
paths for the complex obstacle, and simultaneously effectively to 
generate the motion path for the sizes of various objects without 
deriving the complex and difficult equation. 

[0076] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the present 
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invention. Thus, it is intended that the present invention covers 
the modifications and variations of this invention provided they 
come within the scope of the appended claims and their 
equivalents . 
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